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Our current understanding of the physiology, conse- 
quences, and management of gastroesophageal reflux 
disease owes much to the contributions of Allison and 
Belsey. Early attempts to address this disease failed to 
distinguish between hiatal hernia and reflux as separate 
but rt4ated problems. Surgeons approached the hiatal 
hernia much as they would an inguinal hernia, concen- 
trating on anatomic reduction of the stomach into the 
ahdomen and “repairing7’ the hernia defect by closing 
the enlarged esophageal hiatus. Results were poor with 
high rates of recurrence and minimal relief of symp- 
toms. 
Early in the 1950s, concurrent with Allison’s publica- 
tion’ elucidating the relationship between hiatal hernia, 
gasti-oesophageal reflux, and their attendant symptoms, 
Belsey embarked on a prolonged effort to develop a 
surgical repair that would provide lifelong relief of 
symptoms by  correcting the physiologic abnormalities 
undt~lying hiatal hernia and reflux disease. He prac- 
ticed routine awake rigid esophagoscopy to document 
reflux and meticulous long-term follow-up to assess the 
dural,ility of results. The culmination of his efforts is 
represented by the Mark IV procedure, an operation 
that uses a transthoracic approach to mobilize the 
esophagus, create a partial (240’) fundoplication, and 
secure the repair to the abdominal side of the dia- 
phragm. Mr. Belsey attached the “Mark IV” descriptor 
to his operation to illustrate that it represented the fourth, 
and not necessarily last, modification of the original ver- 
sion. In their now classic paper, Skinner and Belsey2 
reported on the long-term results in 1,030 patients 
treated (luring a 15-year period at Frenchay Hospital, 
Bristol, ll:nglancl, establishing the Belsey Mark IV proce- 
dure as an effective approach to the problems of reflux and 
hiatal hernia. According to Mr. Belsey the ultimate 
suci*e%s of his operation rested on five principles: 
1. The patient should be able to eat and drink 
anything he or she likes, with pleasure, for the remain- 
der of his or her life. 
2. The reflux innst be rompletely and permanently 
controllid. 
3. The patient should be able to belch whenever 
neecled. 
4. The patient should be able to vomit when neces- 
S. It must he possible to teach the operation to 
sarq. 
residents and communicate it to colleagues who will 
then be able to achieve similar good results. 
The Mark IV has met all five of these criteria since its 
development 40 years ago and remains an essential 
component of the repertoire of surgeons treating pa- 
tients with hiatal hernia and gastroesophageal reflux 
d’ isease. 
Physiologic Principles 
While serendipity led Nissen to discover the utility of 
fundoplication in the treatment of reflux disease,3 
Belsey developed his repair through careful attention to 
the physiology of reflux. Unlike some animals (the clog, 
bat, and oppossumj, humans lack an anatomically 
distinct muscular lower esophageal sphincter. Instead, 
anatomic relationships between the gastric fundus and 
cardia, the esophagus and the diaphragm, create a 
physiologic sphincter that can he readily identified by 
manometry. Without an  effective sphincter mechanism, 
negative intrathoracic pressure generated by inspira- 
tory effort draws gastric contents back into the esopha- 
gus. Belsey documented this phenomenon during awake 
esophagoscopy. In the normal individual, a short seg- 
ment of distal esophagus remains secured within the 
abdomen and is suhjected to the same pressure changes 
as the larger diameter stomach. According to Laplace’s 
law, the force necessary to distend a tube is inversely 
proportional to its radius; therefore increases in intra- 
luminal pressure will tend to distend the stomach rather 
than the esophagus, and increases in intra-abdominal 
pressure will preferentially compress the distal esopha- 
gus, preventing reflux. Contributing to competence of 
the lower esophageal sphincter is the valve mechanism 
created by the oblique angle of entry of the esophagus 
into the cardia of the stomach-the angle of His. In the 
presence of a sliding hiatal hernia (type I), hoth of these 
protective mechanisms are lost and gastric: contents are 
allowed to reflux freely into the esophagus. 
Patient Selection 
Selection of patients for operative treatment requires 
thorough evaluation h y  history, physical examination, 
and a variety of diagnostic investigations. Patients 
usually present with a history of midepigastric or 
substernal burning pain (heartburn) made worse by 
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hending over or  lying down. This is accompanied by a 
sour or hitter taste in the mouth, anti occasionally by 
regurgitation of gastric contents. Patients will often self 
medicate with antacids, or avoid certain foods that they 
associate with exacerbation of their symptoms. Some 
patients are surprisingly free of the burning pain 
associated with reflux, and instead present with progres- 
sive clyslihagia secondary to advanced disease with 
strictnrt. formation. Aspiration of refluxed material, 
especially during sleep, leads to the development of a 
dry morning cough and hoarseness, and can lead to 
aspiration pnenmonia. Physical examination is usually 
nonspecific, although many patients with reflux are 
overweight. Obesity can contribute to the development 
of reflux, hut it may also be the result of a patient eating 
and drinking frequently in an effort to wash down 
refluxed material. 
Reflux may or may not be related to the anatomic 
presenw of a hiatal hernia, and many patients with 
liiatal hernia remain asymptommatic. Worlcup should 
exclude other conditions that can mimic reflux, such as 
angina pertoris, pancreatitis, and cholecystitis. Plain 
films of the chest may demonstrate a widened lower 
mediastinurn and occasionally reveal a gastric air bubble 
within tlit: mediastinum. A barium swallow will demon- 
strate the anatomic rt:lationship of the esophagus, 
stomach, and diaphragm, but may not demonstrate 
frank reflux. This may he facilitated by views taken 
with the patient recumbent or in Trendelenburg’s 
position. with a full stomach. Reflux-induced strictures 
and esophageal shortening are also demonstrated and a 
sliding hiatal hernia can be distinguished from a para- 
esophageal (type 11) hernia. Delayed gastric emptying, 
as may result from a duodenal ulcer, may exacerbate 
significantly the tendency to reflux. 
Endoscopy represents an essential complementary 
investigation, not a substitute for the barium swallow. 
Although Belsey considered awake rigid esophagoscopy 
an important component of the evaluation, in that 
reflux could he readily visualized, the advent of fiber- 
optic endoscopy has made this procedure obsolete. 
Furthermore, awake rigid esophagoscopy is potentially 
dangerous arid few surgeons have the proficiency to use 
it on a routine basis. With the flexible filer-optic esophago- 
scope, essential diabmostic: information such as the pres- 
ence and severity of esophagitis are obtained. Esopha- 
geal length, a critical factor in planning operative 
repair, is documented and the endoscope is advanced 
into the stomach and duodenum to evaluate for the 
presence of gastritis, ulcer disease, or other pathology. 
Retroflexion in the stotnach readily demonstrates a 
hiatal hernia and provides excellent visualization of the 
cardia. 
To complement the anatomic studies, a battery of 
functional tests aid in the evaluation of reflux and other 
functional disorders of the esophagus. This information 
is critical in the planning of any operative approach. 
Esophageal manometry will identify any abnormalities 
in peristaltic activity and the location and function of 
the lower esophageal sphincter. Twenty-four-hour 
esophageal pH monitoring can differentiate normal or 
occasional reflux of acid into the esophagus from more 
prolonged and frequent abnormal reflux. Instillation of 
acid into the esophagus to reproduce symptoms (the 
Bernstein test) can confirm that reflux is the likely 
etiology of the presenting symptoms, although results 
are not always foolproof. 
Once the anatomic and physiologic ahnarmalities 
have been identified, appropriate therapy can he insti- 
tuted. Medical therapy with acid suppression, elevation 
of the head of the bed, cessation of smoking and regular 
alcohol use, as well as enrollment in a weight-loss 
program (if indicated) are appropriate first steps for 
the patient with mild esophagitis. Frequent re-evalua- 
tion with periodic endoscopy to evaluate for progression 
or resolution of esophagitis are essential. Persistent 
severe esophagitis should be treated with operative 
repair to prevent stricture formation. Once strictures 
have developed, periodic repeated dilatation becomes a 
necessary prerequisite to surgical repair. Advanced 
disease may occasionally require esophagectomy. 
Although controversial, the presence of columnar- 
lined esophagus (Barrett’s esophagus) is not by itself an 
indication for performance of an antireflux procedure. 
Therapy should be guided by the same principles used 
in evaluating patients without Barrett’s esophagus. 
Nonoperative management and periodic screening endos- 
copy represent the initial approach, and operative repair 
should be considered in cases of severe esophagitis, stric- 
ture, or symptomatic reflux refractory to medical therapy. 
Unlike sliding hiatial hernias, paraesophageal her- 
nias are often not associated with reflux. The gastro- 
esophageal junction is in the normal position and 
rotation of the fundus of the stomach into the chest 
accentuates the antireflux mechanism created by the 
angle of His. Instead, these patients suffer from post- 
prandial bloating and cramping abdominal pain. When 
a major portion of the stomach is in the chest, these 
patients are at risk for incarceration and strangulation 
of the herniated portion of stomach and should undergo 
operative repair regardless of the severity of symptoms. 
Preoperative Preparation 
Operative treatment of hiatal hernia and reflux disease 
is almost always elective. In  the unusual circumstance 
of urgent operation for complications related to incar- 
ceration of a type I1 hiatal hernia or instrumental 
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perfbration of the esophagus, adequate fluid resuscita- 
tion, antibiotics, and nasogastric tube decompression 
comprise the only necessary preparation. In  the elective 
setting, patients who smoke o r  are older than 60 years 
of age should undergo pulmonary function testing. 
Maximal medical therapy for esophagitis and stricture, 
including dilation, can improve the chances for a 
tension-free repair and minimize periesophageal inflam- 
mation. At least 2 weeks should elapse between the last 
dilation and the opcration to allow for complete muco- 
sal healing. In  the patient with reflux-related aspira- 
tion, postural drainage, chest physiotherapy, and anti- 
biotics will minimize pulmonary complications in the 
postoperative period. Because many patients with this 
disease are overweight, adherence to a weight-loss 
program with the assistance of a dietician and establish- 
ing a target weight before surgery is performed make 
the operation easier and lessen the likelihood of failure 
of the repair. These patients should be periodically 
reassessed hecause an operation may no longer be 
indicated once they the patient has lost weight. 
Choice of Operation 
Once it  has been determined that an operation is 
incticatecl, the choice of operation is guided by several 
factors. The transthoracic approach of the Belsey Mark 
IV provides exposure of the entire intrathoracic esopha- 
gus. This is necessary for adequate mobilization of the 
esophagus, particularly in the patient with a history of 
esophagitis. The transthoracic approach is also pre- 
ferred in cases of re-operation following a failed trans- 
abdominal repair for obese patients in whom exposure 
can he casier than b y  the transabdominal approach and 
when there is an associated primary motor disorder of 
the esophagus. With chronic esophagitis, the esophagus 
is often shortened and mohilization alone is inadequate 
to complete a tension-free repair. In this case, the Belsey 
Mark IV can be combined with an eso1)hageal-lengthening 
procedure, such as the Collis gastroplasty. When preop- 
erative manometry indicates markedly impaired esopha- 
geal motility, a partial (Mark IV) rather than complete 
(Nissen) fundoplication should be used to minimize the 
risk of postoperative esophageal obstruction. The Mark 
IV is easily combined with esophagomyotomy for pa- 
tients with achalasia or  epiphrenic diverticulum. 
,Mditional considerations include the co-existence of 
pulmonary or mecliastinal disease which could be ad- 
dressed through a thoracotomy, and the risk of post- 
thoracotomy pain. The incidence of post-thoracotomy 
pain can be mininiizetl hy the use of a postrrior rib 
division (shingling) to facilitate exposure, and careful 
attention to traction pressure from the rib spreader, 
especially on the anterior portion of the opened inter- 
space. Relative contraindications to the transthoracic 
approach include impaired pulmonary function and 
previous left thoracotomy. 
Postoperative Care 
A portable chest x-ray is obtained upon arrival in the 
recovery room. A right pleural effusion represents fluid 
and blood accumulated during operation as a result of 
violation of the right pleura, and if large, should be 
drained either by thoracentesis or tube thoracostomy. 
If the gastric bubble is large, the nasogastric tube 
should be repositioned and checltetl for patency. It can 
be removed on postoperative day 1 or 2 with return of 
bowel sounds, and liquids begun the following day. The 
diet is advanced as tolerated, but the patient is advised 
to maintain a soft diet for the first month, to chew food 
carefully, and to avoid bulky foods and certain raw 
vegetables. Many patients with reflux disease swallow 
large amounts of air, a habit acquired as a way of 
clearing the esophagus of refluxed material. This can 
continue postoperatively, producing stomach bloat and 
increased flatulence until the habit is unlearned. It is of 
little concern and the patient should he informed of this 
possibility. 
Postoperative care is facilitated by the use of an 
epidural catheter for continuous pain relief. Alterna- 
tively, narcotics administered b y  patient controlled 
analgesia supplemented with ketorolac every 6 hours 
provides adequate pain relief for most patients. Admin- 
istration of intraoperative ketorolac should he avoided 
because of its platelet inhibitory effects, and prolonged 
use postoperatively can lead to nephrotoxicity. 
Ambulation is started either the evening of operation 
or  the first day. The chest tube usually can be removed 
by the 2nd day and vigorous pulmonary toilet with chest 
physiotherapy should be maintained. The epidural and 
foley catheters should be removed together, usually on 
the 3rd day, or whenever the patient can tolerate oral pain 
medicine. A barium swallow is obtained either prior to 
discharge or  at the first follow-up visit to document the 
anatomy of the repair for later comparison should 
problems arise. It should demonstrate a 4 to 5-cm 
length of esophagus below the diaphragm that is closed 
at rest and opens to allow the barium bolus to pass. 
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SURGICAL TECHNIQUE 
1 Following placement of an epidural cath- 
eter for assis1 ance with postoperative pain 
control, gcwrral anesthesia is induced and the 
patient is intubated with a single lunien endotra- 
rhea1 tube. A bronchus blocking balloon is 
positioned in the left mainstem bronchus. Use 
of a double lumen endotracheal tube is less 
satisfactory as it can make intraoperative pas- 
sage of an esophagosc~)pe or bougie difficult. 
The esophagus, stomach, and duodenum are 
then examined with the flexible endoscope, 
paying particular attention to esophageal 
length. 
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2 The patient is turned into the 
right lateral decubitus position and 
a left posterolateral thoracotomy 
incision is made. The latissimus dorsi 
muscle is divided and the posterior 
attachment of the serratus anterior 
muscle is incised, allowing its for- 
ward retraction. The surgeon’s hand 
can then be insinuated hetween the 
scapula and the chest wall to permit 
palpation of the 1st rib. Counting 
down, the 7th rib is identified. 
3 The bronchus blocking balloon is inflated. Intercostal 
muscles in the 6th intercostal space are dissected off the top of 
the 7th rib as far forward as the costal margin, and 
posteriorly to the erector spinae muscles which are elevated 
off the 7th rih. A periosteal elevator and Tudor-Edwards rib 
cutter are used to shingle the rib by excising a 1-cm segment. 
Resection of the rib beneath the erector muscles facilitates 
coverage of the defect. 
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4 The pleura is incised along the upper border of the 7th rib, taking 
rare to avoid injury to underlying lung. Displacement of the lung away 
from the chest wall facilitates exposure and division of the intercostal 
muscles from inside the chest. Towels are placed over the rib margins and 
a rib spreader is introduced into the incision. A large sponge or towel is 
used on the superior margin, with most of it hanging into the chest for later 
use in partitioning off the lung from the operative field (not shown). The 
spreader is opened in small increments. As the chest wall adapts, the 
spreader can be opened further later in the case. Excessive pressure can 
lead to rib fracture and increase the likelihood of postthoracotomy pain. 
With a sponge stick applying upward traction on the left lower lobe, the 
inferior pulmonary ligament is divided to the level of the inferior 
pulmonary vein. The esophagus is identified lying between the pericar- 
tLium anteriorly and the aorta posteriorly. The mediastinal pleura along the 
anterior border of the aorta is incised from the diaphragm to the aortic arch. 
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5 Loose areolar tissue between the pericardium and esopha- 
gus is divided along the pericardium and the surgeon's left 
hand is passed beyond the esophagus to the pericardium. 
Following the peric,ardium posteriorly to the vertebral bod- 
ies, the fingers are then curled around the esophagus and 
brought up along the right side of the aorta, elevating the 
esophagus and both vagus nerves. A penrose drain is passed 
around the esophagus and small arterial branches from the 
aorta are divided hetween ligatures. Care should be taken to 
avoid violating the right pleura immediately to the right of the 
esophagus, as this can lead to unrecognized accumulation of 
blood and irrigation fluid throughout the duration of the 
procedure. Periesophagitis and inflammation can make this 
maneuver difficult and may dictate the use of sharp dissec- 
tion. Distraction of the vagus nerves away from the esophagus 
a t  this point should be avoided. Traction on the penrose 
drain facilitates blunt dissection with the left index finger 
along the right and left lateral Targins of the esophagus, 
mobilizing it tip to the hilum of the lung. Vagal branches to 
the left main bronchus may need to be divided if further 
mobilization to the aortic arch is desired. An esophageal 
artery running from the descending aorta to the esophagus at  
approximately the junction of the middle and distal thirds is 
usually encountered and divided between ligatures. 
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6 A malleahIe copper ribbon retractor is used to maintain 
exposure by securing it in an arc extending from the 
pericardiocliaphragiiatic angle in front to the 6th interspace 
posteriorly. The towel or gauze sponge previously placed 
along the superior border of the thoracotomy incision is used 
to drape off the lung. Cephalad traction on the esophagus 
facilitates exposure of the distal esophagus, phrenoesopha- 
geal membrane, and cardia of the stomach. The phreno- 
esophageal membrane is incised circumferentially, freeing the 
cardia from the esophageal hiatus. In the presence of hiatal 
hernia, this membrane is attenuated but present. The perito- 
neal reflection overlying the cardia is incised anteriorly and 
the index and middle fingers of the left hand are passed into 
the peritoneal cavity, with the hack of the fingers along the 
lateral margin of the esophagogastric junction. The index and 
middle fingers elevate the peritoneum through the hiatus so it 
can be incised circumferentially from the short gastric vessels 
laterally to the pericardium medially. The peritoneal reflec- 
tion around the medial aspect of the hiatus is incised and the 
gastrohepatic membrane stretching between the lesser curve 
of thc stomach and the liver identified. The caudate lobe of 
the liver should be visible through the lesser sac, now opened 
through the posterior aspect of the hiatus. 
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7 Complete mobilization of the cardia and fundus re- 
quires division of “ Belsey’s artery,” an  anastomotic vessel 
between the ascending branch of the left gastric: artery and 
the inferior phrenic artery. It runs through the upper 
portion of the gastrohepatic membrane and must he ligated. 
Once divided, this vessel is inaccessible from the chest and 
can lead to serious hemorrhage. To isolate “Belsey’s ar- 
tery” the middle finger of the left hand is passed caudally 
along the anterior aspect of the gastrohepatic membrane 
while the index finger is looped around the esophagogastric 
junction, providing lateral and cephalad traction. At a 
distance of approximately 4 to 5 cm beyond the cardia, the 
middle finger is pushed through the gastrohepatic mem- 
brane. By curling the middle finger and supinating the 
hand, a band of memhrane containing the artery is exposed 
through the hiatus. This is divided between 2-0 silk liga- 
tures. To complete mobilization of the stomach, some short 
gastric vessels may require division. 
8 The distal esophagus and fundus of the 
stomach should deliver easily into the chest. 
The fat pad found along the anterior aspect of 
the esophagogastric junction must be removed 
so that adhesions between the gastric fundus 
and esophagus can form, stabilizing the repair. 
Dissection is begun anterior to the right vagus 
nerve and extends to the left, moving the left 
vagus nerve away from the esophagus. The 
plant, of dissection along the esophagogastric 
junction is very vascular, and meticulous atten- 
tion to hemostasis is rvquired. Periodic palpa- 
tion and identification of the vagus nerves is 
critical to avoiding injury. Preparation of the 
esophagus and stomarh for fundoplication is 
now iwmplete. 
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9 Ultimately, partial closure of the hiatus 
will he required because preparation for fun- 
doplication necessarily enlarged it. Beginning 
posteriorly, heavy #1 linen or silk sutures are 
placed between the two limbs of the right rrus 
of the diaphragm which define the esophageal 
hiatus. Visualization is facilitated by  anterior 
traction on the esophagus and insertion of the 
left index anti middle fingers through the 
hiatus poztrrior to the esophagus. Successive 
sutures are placed at 0.5-cm intervals moving 
antrriorlj along the two limbs. The tendency 
to travel further along the left limb of the crus 
than the right must be recognized and avoided. 
1 total of 3 to 5 simple sutures are placed and 
are left untied until the repair is completed. 
I \  
10 The fundus of the stomach is rolled 
over the distal esophagus to approximate its 
final appearance, encircling apprnximately 
three fourths the circumference of the distal 3 
to 5 cm of the esophagus. An estimate of the 
ease with which the repair can be reduced 
helow the diaphragm is made. If a tension-free 
repair is not pnssihlr, then either additional 
mobilization of the esophagus or an esophageal 
lengthening procedure (eg, Collis gastroplasty) 
should be performed. Double-armed 2-0 silk 
sutures on an atraumatic needle are preferred 
for fundoplication. The first row of three 
plicating sutures is placed heginning with the 
most lateral suture. The suture is passed longi- 
tudinally through the muscular layers of the 
esophagus 1.5 cm from the esophagogastric 
junction. The suture should not pass through 
the mucosa. It is then passed through the 
seromuscular layer of the fundus, which has 
been rolled up onto the esophagus heginning 1 
cm distal to the esophagogastric junction and 
traveling 0.5 cm. The other arm of the suture is 
used to take identical bites through the esopha- 
gus and gastric fundus 0.5 cin closer to the 
midline, completing the horizontal mattress. 
The suture is left untied. An identical mattress suture is placed between the esophagus and stomach at the middle portion of the 
fundoplication and also left untied. The third mattress suture is positioned 120" to the right of the midline, defining the 240' 
wrap. Both the right and left vagus nerves are carefully avoided. The fundus is then rolled over the distal esophagus as the 
sutures are tied gently. This step is critical; if the sutures are tied too tightly, they can pull through the esophageal muscle. 
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11 A second row of three mattress sutures 
is placed in an identical fashion, with bites 
taken approximately 1.5 mi proximally along 
the esophagus and an equal distance distally 
along the fundus of the stomach. The circumfer- 
ential position should be the same as in the first 
row of sutures, duplirating the 240' wrap, and 
the sutures should he left untied with the 
needles on. Again, rare is taken to avoid injury 
to the vagus nerves. 
12 Each needle is passed through the hia- 
tus from the ahclominal side upward, taking a 
generous bite of the rentral tendon of the 
diaphragm. Bites are located around the hiatus 
to corrcspontl with the location of each suture 
around the fundoplication. A spoon retractor 
positioned through the hiatus from above facili- 
tates placement of each bite while protecting 
the intra-abdominal organs. The two arms of 
each suture are tagged and left untied. 
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13 The reconstructed carclia is now returned through 
the hiatus into the ahdomen hy gentle presbiirp from above. 
This maneuver should he arcomplished with a minimum of 
effort and without the use of traction on the second row of 
fundoplicating sutures. If there is tension on the repair, 
indicated by a tenrlenry of the distal esophagus and stomach 
to retract hack into the chest, then either inadequate 
mobilization of the proximal esophagus has heen performed 
or an esophageal lengthening procedure should he ronsid- 
eretl. The mattress sutures are tied gently h y  applying 
enough tracation on each arm to remove slack but not enough 
to “saw” the suture through the tissue. As with the first row 
of plirating sutures, this row should he snug and not too 
tight. These sutures secure the funtloplication to the under- 
side of the diaphragm. 
I t -  
14 Beginning posteriorly, the previously 
placed crural sutures are now tied, narrowing 
the esophageal hiatus. A finger is inserted 
between the esophagus and the posterior clo- 
sure after each suture is tied to gauge the size of 
hiatus. When the hiatus is sufficiently nar- 
rowed it should easily admit one finger. The 
remaining untied sutures (if any) are removed. 
A tight hiatal closure does not improve the 
durability or competence of the repair and can 
lead to esophageal ohstruction. 
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15 A nasogastric. t u h  is passed by the 
anesthesiologist and guided hy  the surgeon 
through the distal rsophagus and into the 
stomach. A 28F straight pleural drainage tube 
is placecl through a separatt: stah wound lo- 
cated below the thoracotorny incision and  posi- 
tioned along the ~ iaravr r tchra l  su1c:us. For 
maxirnnrn patient comfort, arid to minimize the 
risk of kinlting ancl occlusion of the drainage 
tuhe, the stah wound should he in the anterior 
axillary line. If the right pleura has  heen 
entered, a pool-tip suction device is introduced 
into the ckprnclent portion of the right chest to 
drain any collected I)lood and irrigation. To 
facilitate postoperative pain relief, local anes- 
thetic. (O.S% marraine) is infiltrated into the 
two intercostal spaces above and I)elow the 
incision. 
16 The thoracotomy is rlosed with four 
#I dexon paracostal sutures. Running #O 
clexoti suture realiproximates first the poste- 
rior Iiorder of the srrratus anterior muscle to 
the chest wall and then the cut edges of the 
latissinius tlorsi muscle. Subcutaneous tissues 
iire closed with running #2-0 dexon and  the 
skin i s  closrd using either clips, which can he 
rrmovrcl in S days, o r  a running subcuticular 
of #4-0 vicryl. 
BELSEY MARK IV 15 
COMMENTS 
Folio W-UP 
"The battlefields qf surgery are strewn with the re- 
mains of promising new operations which perished in 
the follow-up clinic. "-R.H.R. Belsey 
Critical to the development of the Mark IV repair was 
Belsey's insistence on thorough follow-up. An operation 
for reflux and hiatal hernia cannot be considered a 
success until the patient is seen to be doing well for at 
least 5 years postoperatively. Therefore, surgeons en- 
gaged in this pursuit should systematize and adhere to a 
strict regimen of continuously assessing their results. 
The patient is asked to return every 4 months for the 
first year and then yearly thereafter. Satisfaction with 
hidher ability to eat without difficulty and vomit when 
necessary is assessed and clinical symptoms of reflux 
are sought. Endoscopy, barium swallow, manometry, 
and pH probe studies are not routinely performed, 
although they should be obtained as appropriate if 
symptoms warrant. Surveillance esophagoscopy re- 
mains indicated for those patients with Barrett's esopha- 
gus. 
Results 
In their initial report Skinner and Belsey' found that of 
the 632 patients treated with the Mark IV repair, 85% 
had a good or  excellent result defined as either com- 
pletely asymptomatic (61%) or completely relieved of 
all symptoms of reflux, but with mild nonspecific 
complaints (24%). The authors identified several fac- 
tors that appeared to influence the likelihood of recur- 
rence, including age (15% in children us 6% in adults), 
mural fibrosis with esophageal shortening from ad- 
vanced esophagitis (37%), and the experience of the 
surgeon (15% for residents us 6% for the consultant 
surgeon). Additional follow-up of this same group of 
patients documented that 76% remained free of all 
symptoms of reflux for 10 or  more years.4 In a separate 
large serit:s, similar good results were reported by 
Hiehert and O'Mara,'who documented that 89% of 209 
patients wt:re satisfied with the result, 78% were able to 
swallow wdl, 86% could belch, and 78% could vomit 
when necessary. 
Conclusions 
The Belsey Mark 1V repair remains a mainstay in the 
surgical therapy of gastroesophageal reflux disease and 
hiatal hernia. Its development was based on an under- 
standing of the physiologic abnormalities associated 
with altered anatomy and dedicated attention to long- 
term follow-up. Important components of the repair 
include adequate mobilization of the intrathoracic 
esophagus and proper technique in both placing and 
tying the fundoplicating sutures. Besides relief of symp- 
toms from reflux, the partial fundoplication of the 
Mark IV repair allows patients to belch and vomit when 
necessary, an important distinction from the complete 
fundoplication of the Nissen procedure. Similarly, the 
partial fundoplication is less likely to lead to esophageal 
obstruction and dysphagia in patients with impaired 
esophageal motility, making it the preferred repair in 
combination with an esophagomyotomy for achalasia. 
The Mark IV is indicated for patients with a failed 
previous repair, for patients in whom periesophageal 
inflammation and esophageal shortening are antici- 
pated, and for obese patients in whom transabdominal 
exposure is difficult. Regardless of which approach is 
selected by the surgeon treating patients with hiatal 
hernia and gastroesophageal reflux disease, follow-up 
must be meticulous and prolonged if an accurate 
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